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(54) Semiconductor device and production process 



(57) A semiconductor device (11) includes a semi- 
conductor chip (25) housed, with its active surface fac- 
ing upward, in a through hole (24) of a printed circuit 
board (23) provided with an interconnection pattern (22) 
on Its lop surface. Electrode terminals (25E) of the active 
surface are connected to the interconnection pattern 
(22) by bonding wires (26). A sealing resin layer (27) 
seals the bonding wires (26) and semiconductor chip 
(25) together and fixes the semiconductor chip (25) in 
the through hole (24). The bottom surface of the printed 



circuit board (23). the downward facing back surface of 
the semiconductor chip (25). and the bottom surface of 
the sealing resin layer (27) are finished to the sanne flat 
surface by grinding and polishing. This reduces and si- 
multaneously achieves a uniform mounting height, does 
not require complicated steps for mounting individual 
chips (25), improves the manufacturing yield, achieves 
a uniform height of the semiconductor device (11 ) with- 
out being affected by the variation in thickness of the 
chips (25). and enables execution of electrical tests all 
together. 
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Description 

[0001 ] The present invention relates to a semiconduc- 
tor device and a process for. production of the same, 
more particularly relates ;o a thin package semiconduc- 
tor device and a process of production of the same. 
[0002] The most flexible type of thin package semi- 
conductor device mounting a semiconductor chip (LSI 
or other semiconductor chip) for the increase of pins, 
reduction of the pitch between connection terminals, 
and reduction of thickness and size of the device as a 
whole is the tape carrier package (TCP). 
[0003] A TCP is produced by mounting a semiconduc- 
tor chip on an insulating tape substrate (usually a resin 
film) by tape automated bonding (TAB). Typically, first, 
a copper foil is anached to a resin film provided with a 
predetermined pattern of openings, then the copper foil 
is etched to pattern it to form predetermined copper 
leads. Next, a semiconductor chip is positioned and held 
■/vithin an opening of the resin film, a plurality of connec- 
tion terminals of the chip (in general gold bumps) and a 
corresponding plurality of cooper leads on -he resin film 
are bonded together, then the semiconductor chip and 
part of the copper leads are sealed by a resin to com- 
plete a single semiconductor package unit. This opera- 
tion is repeated for every opening while intemnittently 
feeding the resin film, whereby a large number of sem- 
iconductor package units are formed on a single film. 
Finally, the large number cf semiconductor package 
units fomied along the longittjcinal direction of the film 
are cut and separated from each other so as to obtain 
individual semiconductor packages. 
[C004] Figure 1 is a perspective view of a semicon- 
ductor device of the related art obtained by connecting 
a semiconductor chip and TCP leads, it shows the state 
before the individual TCPs are cut from the tape. The 
TCP 1 0 uses a resin film (for example, a polyimide resin 
film) 1 as a substrate and has leads 2 formed by etching 
of a copper foil on top. Further sprocket holes 3 are 
formed at the two side edges of the resin film 1 for feed- 
ing the film. An opening 5 for accommodating a semi- 
conductor chip 4 (in general called a "device hole") and 
window holes 9 are also fonmed in the center of the resin 
film 1 as illustrated. 

[0005] The state of connection of the semiconductor 
chip and the leads of the package is shown in the sec- 
tional view of Fig. 2, which shows the center portion of 
the semiconductor device of Fig. 1 enlarged. A semi- 
conductor chip 4 is positioned and placed in the device 
hole 5 of the resin film 1 . :hen the front ends of the leads 
2 are bonded on the bumps on the electrodes (nomnally 
projections formed by gold plating). The leads are nor- 
mally bonded all together using a special bonding tool. 
Note that to assist the bonding of the bumps 6 with the 
front ends of the leads 2 comprised of copper, the bumps 
are gold plated in advance before the bonding step. Fi- 
nally, while not shown in Fig. 1 , the semiconductor chip 
4 and the leads 6 are protected from the humidity, con- 



tamination, etc. of the ambient environment by sealing 
the two to cover them by a resin 7. As the sealing resin 
7. use is made for example of an epoxy resin. 
[0006] The above semiconductor device of the related 
5 art however suffered from the following problems (a) to 
(e): 

(a) There are limits to the reduction of the mounting 
height of the semiconductor chip on a resin film, so 

10 there are limits to the reduction of thickness of the 
semiconductor device. That is, the semiconductor 
device is fixed by thin copper leads projecting out 
in a bridge like manner into the opening of the resin 
film, so securing suffrcient mounting strength re- 

'5 quires that the copper leads, the resin film serving 
as the support member, and the device as a whole 
be at least a certain thickness. If reinforcing the 
strength by the resin sealed portion : a broad area 
has to be sealed thickly It is diflfcull however to se- 

^0 cure complete sealing across a broad area. F-j rther, 
thick sealing runs counter lo the desire to reduce 
thickness. 

(b) Semiconductor chips become brittle and easily 
warpable when made thin enough for reducing the 

*5 thickness of the semiconductor device. Each re- 
quires a special carrier. Handling is extremely com- 
plicated and a large number of steps are required. 
Further, improvement of the manufacturing yield al- 
so becomes difficult. 

0 (c) The individual semiconductor chips have to be 
individually positioned and bonded in the openings 
of the resin film, so production of a large number of 
semiconductor packages requires a long, compli- 
cated production process. 

5 (d) In the case of a stacked chip type semiconductor 
device obtained by stacking semiconductor chips in 
a plurality of layers, each Individual semiconductor 
chip has to be positioned and bonded In the opening 
of the resin film, so the production process becomes 

0 even longer and morexomplicated. 

(e) Not only is there a manufacturing variation in the 
thickness of the chips, but there is also variation in 
the individual mounting heights. As a result, a vari- 
. ation in height arises in the semiconductor devices. 

5 It is consequently difficult to conduct electrical tests 
in a block before cuning and separating the film into 
the senniconductor package units. 

[0007] An object of the present invention is to solve 
so the above problems in the related art and provide a sem- 
iconductor device, in particular a thin semiconductor 
package, which reduces and simultaneously achieves 
a uniform mounting height, does not require complicat- 
ed steps for mounting individual chips, Improves the 
55 manufacturing yield, achieves a unlfonn height of the 
semiconductor device without being affected by the var- 
iation in thickness of the chips, and enables execution 
of electrical tests in a block and a process.f or production 
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of the same, 

[0008] Tc achieve the above object, according to a 
first aspect of the present Invention, there is provided a 
semiconductor device, wherein a semiconductor chip is 
housed with its active surface facing upward in a through 
hole of a printed circuit board provided with an intercon- 
nection pattern on its top surface, electrode tenninals of 
the active surface are connected with the interconnec- 
tion pattern by bonding wires, a sealing resin layer seals 
the bonding wires and semiconductor chip integrally and 
fixes the semiconductor chip in the through hole, and a 
bottom surface of the printed circuit board, a downward 
facing back surface of the semiconductor chip, and a 
bottom surface of the sealing resin layer are finished to 
the same flat surface by grinding. 
[0009] According to a second aspect of the present 
invention, there is provided a process of production of 
a semiconductor device comprising bonding a tempo- 
rary support to a bottom surface of a printed circuit board 
provided with a through hole and an interconnection pat- 
tern on its top surface to define a bottom of the through 
hole, bonding a semiconductorchip with its back surface 
facing downward to the bottom, connecting electrode 
terminals of the upward facing active surface of the sem- 
iconductor chip and the interconnection pattern by 
bonding wires, using a sealing resin layer to integrally 
seal the bonding wires and the semiconductorchip and 
fix the semiconductor chip in the through hole, removing 
the terhporary support, and finishing a bottom surface 
of the printed circuit board, a downward facing back sur- 
face of the semiconductor chip, and a bottom surface of 
the sealing resin layer to the same flat surface by grind- 
ing. 

[001 0] Preferably, the printed circuit board has a large 
number of areas for forming semiconductor devices, ail 
of the steps are performed for each of the areas so as 
to fomi a large number of semiconductor devices on the 
printed circuit board in a block, then the printed circuit 
board Is cut between the individual areas to separate 
the individual semiconductor devices. 
[0011] According to a third aspect of the present in- 
vention, there Is provided a semiconductor device, 
wherein a semiconductor chip Is housed with its active 
surface facing upward in a through hole of a lead frame 
having leads, electrode terminals of the active surface 
are connected with the top surface of the leads by bond- 
ing wires, a sealing resin layer seals the bonding wires 
and semiconductor chip integrally and fixes the semi- 
conductor chip in the through hole, and a bottom surface 
of the lead frame, a downward facing back surface of 
the semiconductor chip, and a bottom surface of the 
sealing resin layer are finished to the same flat surface 
by grinding. . 

[001 2] According to a fourth aspect of the present in- 
vention, there is provided a process of production of a 
semiconductor device comprising forming a lead frame 
having a planar part having leads and a vessel for hous- 
ing a semiconductorchip, the bottom of the vessel pro- 



jecting downward from a bottom surface of the planar 
part, and a top end of the vessel being open and con- 
necting with the planar part; bonding a semiconductor 
chip on the bottom surface in the vessel so that its active 

5 surface faces upward and becomes higher than the bot- 
tom surface of the planar part; connecting electrode ter- 
minals of the active surface and the upper surfaces of 
the leads of the lead frame by bonding wires; using a 
sealing resin layer to integrally seal the bonding wires 

10 and the semiconductor chip and fix the semiconductor 
chip in the vessel; and grinding the vessel of the lead 
frame, the semiconductor chip, and the sealing resin 
layer from the bottom to substantially remove the vessel 
of the lead frame and finish a bottom surface of the pla- 

15 nar part of the .lead frame, a downward facing back sur- 
face of the semiconductor chip , and a bottom surface of 
the sealing resin layer to the same flat surface. 
[0013] Preferably^ the lead frame has a large number 
of areas for forming semiconductor devices, all of the 

20 steps are perfomned for each of the areas so as to form 
a large number of semiconductor devices on the lead 
frame in a block, then the lead frame is cut between the 
individual areas to separate the individual semiconduc- 
tor devices. 

25 [0014] According to a fifth aspect of the present inven- 
tion, there is provided a semiconductor device, wherein 
an active surface of a semiconductor chip Is bonded to 
a printed circuit board provided with a through hole and 
an interconnection pattern on its top surface, the active 

30 surface defining a bottom of the through hole; electrode 
terminals of the active surface defining the bottom are 
connected with the interconnection pattern by bonding 
wires passing through the through hole; a sealing resin 
layer fills the through hole and seals the bonding wires; 

35 and a downward facing back surface of the semiconduc- 
tor chip is finished by grinding. 
[0015] According to a sixth aspect of the present in- 
vention, there is provided a process of production of a 
semiconductor device comprising forming a printed cir- 

40 cuit board provided with a through hole and an intercon- 
nection pattern on its top surface, bonding an active sur- 
face o{ a semiconductor chip to a bottom surface of the" 
printed circuit board to define a bottom of the through 
hole, connecting electrode terminals of the active sur- 

^5 face defining the bottom and the interconnection pattern 
by bonding wires passing through the through hole, us- 
ing ai sealing resin layer to fill the through hole and seal 
the bonding wires, and finishing a downward facing back 
surface of the semiconductor chip to a flat surface by 

50 grinding. 

[0016] Preferably, the printed circuit board has a large 
number of areas for forming semiconductor devices, all 
of the steps are performed for each of the areas so as 
to form a large number of semiconductor devices on the 
55 printed circuit board in a block, then the printed circuit 
board is cut between the individual areas to separate 
the individual semiconductor devices. 
[0017] According to a seventh aspect of the present 
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invention, there is provided a semiconductor device 
wherein a s emiconductor c^iip with its active surface fac- 
ing downward is connected by flip chip bonding to a top 
surface of a printed circuit board provided with a top sur- 
face having pads connected to an interconnection pat- 
tern of its bottom surface, an underfill material covers 
the side faces of the semiconductor chip and fills a clear- 
ance between the active surface of the semiconductor 
chip and the lop surface of the printed circuit board, and 
an upward facing back surface of the semiconductor 
chip is finished to a flat surface by grinding. 
[0018] According to an eighth aspect of the present 
invention, there is provided a process of production of 
2 semiconductor device comprising forming a printed 
circuit board provided with a lop surface having pads 
connected to an Interconnection panern of its bottom 
surface, connecting to the top surface. of :he printed cir- 
cuit beard a semiconductor chip with its active surface 
facing downward by flip chip bonding, using an underfill 
material to cover the side faces of the semiconductor 
chip and fill a clearance between the active surface of 
the semiconductor chip and the top surface of the print- 
ed circuit board, and finisning an upward facing back 
surface of the scm.iconduclor chip to' a flat surface by 
grinding. 

[001 9] Preferably, the printed circuit beard has a large 
number of areas for forming semiconductor devices, all 
of the steps are performed for each of the areas so as 
to fomn a large number oi semiconductor devices on the 
printed circuit board in a block, then the printed circuit 
board is cut between the individual areas to separate 
the individual semiconductor devices. 
[0020] According to a ninth aspect of the present in- 
vention, there is provided a stacked chip type semicon- 
ductor device comprised of a semiconductor chip fin- 
ished by grindinc of the semiconductor device as set 
forth in any one of the first, third, fifth, and seventh as- 
pects of the invention another semiconductor chip bond- 
ed at its back surface to the former's back surface. 
[0.021] According to a 1 0th aspect of the present in- 
vention, there is provided a process of production of a 
stacked chip type semiconductor device comprising 
perfomiing all of the steps set forth in any one of the 
second, fourth, sixth, and eighth aspects of the Inven- 
tion, then bonding a back surface of another semicon- 
ductor chip to the back surface of the semiconductor 
chip finished by grinding. 

[0022] According to an 11 th aspect of the present in- 
vention, there is provided a process of production of a 
stacked chip type semiconductor device comprising 
perfomiing all of the steps set forth in any one of the 
second, fourth, sixth, and eighth aspects of the inven- 
tion, at each of a large number of areas for forming sem- 
iconductor devices of a printed circuit board or lead 
frame so as to form a large number of semiconductor 
devices on the printed circuit board or lead frame in a 
block, bonding back surfaces of other semiconductor 
chips to the back surfaces of the semiconductor chips 
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finished by grinding of ihe semiconcuctor devices, then 
cutting the printed circuit board or lead frame between 
the individual areas to separate the individual semicon- 
ductor devices. 

[0023] Particular embodiments in accordance with 
this invention will now be described with reference to the 
accompanying drawings; in whlch:- 

Fig. 1 is a perspective view of a semiconductor de- 
vice of the related art after connecting a semicon- 
ductor chip and leads of a TCP and shows the stale 
before cutting the individual TCPS from a tape: 
Fig. 2 is a sectional view of the connection of a sem- 
iconductor chip and leads of a package in the relat- 
ed art and shows the center part of the semiconduc- 
tor device of Fig. 1 enlarged; 
^igs. 3A to 3D are sectional views of semiconductor 
devices according tc the first, third, fifth, and sev- 
enth aspects of the present invention; 
Fig. 4 is a sectional view of a stacked-chip type sem- 
iconductor device of the present invention having 
another semiconductor chip mounted above the 
semiconductor chip of the semiconductor device of 
the seventh aspect of the invention shown in Fig. 
25 3D; 

rig. 5 is a sectional view of the process of produc- 
tion of a semiconductor device according to the first 
aspect of the invention shown in Fig. 3A; 
Fig. 6 is a sectional view of the process of produc- 
tion of a semiconductor device according to the third 
aspect of the invention shown in Fig. 38: 
Fig. 7 is a sectional view of the process of produc- 
tion of a semiconductor device according to the fifth 
aspect of the invention shown in Fig. 3C; 
Fig. 8 is a sectional view of the process of produc- 
tion of a semiconductor device according to the sev- 
enth aspect of the invention shown in Fig. 3D; and 
Fig. 9 is a sectional view of the process of produc- 
tion of a semiconductor device according to the ' 
present invention shown in Fig. 4. 

[0024] Tne semiconductor device of the present in- 
vention is obtained by electrically connecting the active 
surface side of a semiconductor chip and an intercon- 
nection pattern and mechanically fixing (sealing) the 
semiconductor chip with a printed circuit board or lead 
frame, then grinding and polishing the back surface side 
of the semiconductor chip to reduce the thickness of the 
chip. By this, the above problems of the related art are 
solved, the mounting height is reduced and simultane- 
ously made even, there is no need for the complicated 
process of mounting individual chips, the manufacturing 
yield is improved, the heights of the semiconductor de- 
vices can be made uniform without being affected by 
variations in thickness of the chips, and electrical testing 
. becomes possible in a block. 
[0025] In particular, employing the structure of the 
present invention is extremely advantageous in practice 
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in the point of enabling inexpensive production of a thin- 
type semiconductor device using existing semiconduc- 
tor assembly facilities and processes. Further, using the 
thin-type semiconductor device of the present invention 
enables a reduction of size and thickness of the electri- 
cal equipment including the semiconductor device! 

First Embodiment 

[0026] Figures 3A and 5 explain an example of a pre- 
ferred embodiment of a semiconductor device and 
method of production of the same according to first and 
second aspects of the present invention. 
[0027] The semiconductor device 1 1 according to the 
first aspect of the present invention shown in Fig. 3A Is 
comprised of a. printed circuit board 23 provided with an 
interconnection pattern 22 on its top surface 23A and a 
semiconductor chip 25 housed inside a through hole 24 
with its active surface 25A facing upward. The electrode 
terminals 25E of the active surface 25A are connected 
with the Interconnection pattern 22 by the bonding wires 
26. A sealing resin layer 27 integrally seals the bonding 
wires 26 and the semiconductor chip 25 and fixes the 
semiconductor chip 25 inside the through hole 24. The 
bottom surface 23B of the printed circuit board 23, the 
downward facing back surface 25B of the semiconduc- 
tor chip 25. and the bottom surface 27B of the sealing 
resin layer 27 are finished to the same flat surface by , 
grinding and polishing. 

[0028] Solder balls 28 are fomned as external connec- 
tion terminals at predetermined positions of the inter- 
connection pattern 22. The other portions of the inter- 
connection pattern 22 are covered by a solder resist lay- 
er 29. The outer edges of the sealing resin layer 27 are 
defined by a dam bar 30 fomned by a resin. 
[0029] The semiconductor device 11 is produced by 
the steps shown in Fig. 5(1) to (3). 
[0030] Figure 5(1) shows the state of bonding the 
printed circuit board to a temporary support 31. The 
printed circuit board 23 can take various forms. As one 
example, it is a glass epoxy substrate clad on its top 
surface with copper foil which is etched to form the in- 
terconnection pattern 22. The printed circuit board 23 
used in this embodiment is a matrix printed circuit board 
including a large number of areas for forming semicon- 
ductor devices. 

[0031] Each area of the printed circuit board 23 is 
formed with a through hole 24 for housing a semicon- 
ductor chip. The top surface of the interconnection pat- 
tern 22 is covered with a solder resist layer 29 other than 
at the openings 29A for forming the solder balls in a later 
step (Fig. 5(3)). Further, to define the outer edges of the 
sealing resin layer in a later step (Fig. 5(2)), a frame- 
shaped dam bar 30 surrounding the upper edges of the 
through hole 4 is provided. The dam bar 30 is formed 
by coating a resin by a dispenser in a frame shape and 
then curing it. 

[0032] The temporary support 32 is bonded to the en- 



tire bottom surface of the printed circuit board 23 pre- 
pared in this way by sticking or adhesion. The temporary 
support 31 closes off the bottom end of the through hole 
24 to define a bottom. The temporary support 31 is ad- 
5 hered to the printed circuit board 23 by a thermally 
peelable adhesive so as to. enable easy peeling before 
grinding and polishing in the later step (Fig. 5(3)) or is 
made of a material which can be easily removed by 
grinding and polishing. As the temporary support 31 , it 
^0 is possible to use for example an inexpensive FR-4 
board or a resin board not containing glass fiber. 
[0033] Next, as shown in Fig. 5(2), a semiconductor 
chip 25 is bonded to the bottom of the through hole 24 
with its back surface 258 facing downward, the elec- 
trode terminals 25E formed on the upward facing active 
surface 25A and interconnection pattern 22 of the print- 
ed circuit board 23 are connected by bonding wires 26, 
then the resin sealing layer 27 is fomried to integrally 
seal the semiconductor chip 25 and bonding wires 26 
and fix the semiconductor chip 25 in the through hole 
24. The sealing resin layer 27 is formed by potting etc. 
At that time, the dam bar 30 prevents the sealing resin 
from flowing outside of the necessary location. 
[0034] Next, as shown in Fig. 5(3), the temporary sup- 
port 31 is removed by peeling it off or by grinding and 
polishing, then the bottom surface of the printed circuit 
board 23, the downward facing back surface of the sem- 
iconductorchip 25, and the bottom surface of the sealing 
resin layer 27 are ground and polished to make them 
thin and finish them to the same flat surface. If neces- 
sary, the finished surface obtained by the grinding and 
polishing can be covered by insulation by printing a resin 
material, spray coating, adhering a resin film, etc. 
[0035] Next, solder balls 28 are formed as outside 
connection electrodes on the interconnection pattern 22 
exposed at the openings 29 of the solder resist 29. The 
solder balls 28 may also be fomned before the above 
grinding and polishing. 

[0036] Finally, the printed circuit board 23 is cut be- 
tween the areas for fomning the individuai semiconduc- 
tor devices to separate the individual semiconductor de- 
vices 1 1 . 

Second Embodiment 

[0037] An example of a preferred embodiment of a 
semiconductor device and its process of production ac- 
cording to third and fourth aspects of the present inven-. 
tion will be explained next with reference to pig. 38 and 
Fig. 6. 

[0038] The semiconductor device 1 2 according to the 
third aspect of the invention shown in Fig. 3B is com- 
prised of a lead frame 33 having a top surface 33A and 
a bottom surface 336 and a semiconductor chip 25 
housed in a through hole 34 of the frame with its active 
surface 25A facing upward. The electrode terminals25E 
of the active surface 25A are connected to the top sur- 
face 33A of the lead frame 33 by bonding wires 26. A 
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sealing resin layer 27 seals the bonding wires 26 and 
the semiconductor chip 25 together and fixes the sem- 
iconductor chip 25 in the through hole 34. The bottom 
surface 33B of the lead frame 33, the downward facing 
back surface 25B of the semiconductor chip 25. and the 
bonom surface 27B of the sealing resin layer 27 are fin- 
ished to the same flat surface by grinding and polishing. 
[0039] The semiconductor device 1 2 is produced by 
the steps shown in Fig. 6(1) to(5). 
[0040] First, a lead frame 33 having a die pad such as 
a QFP shown in Fig. 6(1) is prepared. This is shaped by 
a press etc. to provide a planar part 33P and a die pad, 
that is, a vessel 33V. The bottom VB of the vessel 33V 
projects downward from the bottom surface 338 of the 
planar part 33P. The top end of the vessel 33V is con- 
nected 10 the top surface 33A of the planar part 33P. The 
lead frame 33 is a matrix lead frame having a large 
number of areas for fonning semiconductor devices. 
The figure, however, shows only one area for forming a 
semiconducior device. 

[G041] Next, as shown in Fig. 6(2), a semiconductor 
chip 25 is bonded to the bortom surface VA of the vessel 
33 V with its active surface 25A facing upward and be- 
coming higher than the bottom surface 338 of the planar 
part 33P, then the electrode temninals 25E formed on 
the active surface 25A of the semiconductor chip 25 ara 
connected to the top surfaces 33A of the inner leads 
forming part oi the planar part 33F of the lead frame 33 
by bonding wires 26. 

[0042] Nexi. as shown in Fig. 6(3), transfer melding is 
used to seal the semiconductor chip 25 by a resin. The 
thus formed sealing resin layer 27 seals ihe bonding 
wires 26 and the semiconcuctor chip 25 integrally and 
fixes the semiconductor chip 25 \n the vessel 33V. 
[0043] Next, as shown in Fig. 3(4), the vessel 33V of 
the lead frame 33, the semiconductor chip 25.. and the 
sealing resin layer 27 are ground and polished from the 
bottom to substantially r-emove the vessel layer 33V and 
finish the bottom surface 338 of the planar part 33P of 
the lead frame 33, the downward facing back surface 
258 of the semiconductor chip, and the bottom surface 
278 of the sealing resin layer :o the same flat surface. 
If necessary, the finished surface obtained by the grind- 
ing and polishing can be covered by insulation by print- 
ing a resin material, spray coaiing. adhering a resin film, 
etc. 

[0044] Finally, as shown in Fig. 5(5), the lead frame 
33 is cut between the areas for fonning the. Individual 
semiconductor devices to separate the individual sem- 
iconductor devices 12. In this example, for reducing the 
size, it is cut along the outer edges of the sealing resin 
layer 27 as illustrated, but it is also possible to cut at a 
position further outward and to have the outer leads 
project out from the seating resin layer 27. 

Third Embodiment 

[0045] An example of a prefenred embodiment of a 



semiconductor device and its process of production ac- 
cording to fifth and sixth aspects of the present invention 
will be explained next with reference to Fig. 3C and Fig. 

7. 

5 [0046] The semiconductor device 1 3 according to the 
fifth aspect of the invention shown in Fig. 3C is com- 
prised of a printed circuit board 23 provided with a 
through hole 24 and an interconnection pattern 22 on 
its upper surface 23A and a semiconductor chip 25 

*o bonded at its active surface 25A to the bottom surface 
238 and defining a bottom of the through hole 24. The 
electrode temninals 25E of the active surface 25A defin- 
ing the bottom are connected with the interconnection 
pattern 22 by bonding wires 26 passing through the 

^5. through hole 24. A sealing resin !ayer27 fills the through 
hole 24 and seals the bonding wires 26. The downward 
facing back surface 258 of the semiconductor chip 25 
is finished by grinding and polishing. 
[0047] Solder balls 28 are formed as outer connection 

20 terminals at predetermined locations of the interconnec- 
tion pattern 22. The orher portions of the interconnection 
pattern 22 are covered by a solder resist layer 29. The 
outer edges of the sealing resin layer 27 are defined by 
a dam bar 30 formed by a resin. In the semiconductor 

^5 device of the present example, the sizes (planar area) 
of the semiconductor chip 25 and the printed circuit 
board 23 may be substantially the same. 
[0048] Tne semiconductor device 1 3 is produced by 
the steps shown in Fig. 7(1) to (4). 

30 [0C49] First, as shown in Fig. 7(1), a printed circuit 
board 23 provided with a through hole 24 and an inter- 
connection pattern 22 on its top surface 23A is prepared. 
The printed circuit board 23 can take various forms. As 
one example, it is a glass epoxy substrate clad on its 

35 top surface with copper foil which is etched to form the 
interconnection pattern 22, The printed circuit board 23 
used in this embodiment is a matrix printed circuit board 
including a large number of areas for fonning semicon- 
ductor devices. 

40 [0050] The top surface of the interconnection pattern 
22 is covered by a solder resist layer 29 except at the 
openings 29A for forming the solder balls in a later step 
(Fig. 7(4)). Further, a frame-shaped dam bar 30 sur- 
rounding the upper edges of the through hole 24 is pro- 
vided to define the outer edges of the sealing resin layer 
in a later step (Fig. 7(3)). The dam bar 30 is formed by 
coating a resin in a frame shape by a dispenser, then 
curing it. 

[0051] Next, as shown in Fig. 7(2), the active surface 
50 25A of a semiconductor chip 25 is bonded by an adhe- 
sive etc. to the portion including the through hole 24 of 
the bottom surface 238 of the printed circuit board 23 
so as to block the bottom end of the through hole 24 and 
define a bottom. 
55 [0052] Next, as shown in Fig. 7(3), the electrode ter- 
minals 25E formed by the upward facing active surface 
25A of the semiconductor chip 25 defining the bottom 
of the through hole 24 and the interconnection pattern 
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22 of the printed circuit board 23 are connected by bond- 
ing wires 26, then a sealing resin layer 27 is formed to 
fill the through hole 24 and seal the bonding wires 26. 
The sealing resin layer 27 is forn:ied by potting etc. At 
that time, the dam bar 30 prevents the outflow of the 
sealing resin from the required location. 
[0053] Next, as shown in Fig. 7(4), the downward fac- 
ing back surface 25B of the semiconductor chip 25 is 
ground and polished to make it thin and finish it to a flat 
surface. If necessary, the finished surface obtained by 
the grinding and polishing can be covered by insulation 
by printing a resin material, spray coating, adhering a 
resin film, etc. 

[0054] Next, solder balls 28 are fonned as outer con- 
nection temninals on the interconnection pattern 22 ex- 
posed at the openings 29A of the solder resist layer 29. 
The solder balls 28 may also be fomned before the 
above grinding and polishing. 

[0055] Finally, the printed circuit board 23 is cut be- 
tween the areas for forming the individual semiconduc- 
tor devices to separate the Individual semiconductor de- 
vices 23. 

[0056] Note that the structure o: Fig. 3C explained in 
the present example is the structure with the printed cir- 
cuit board 23 placed on the semiconductor chip 25, but 
by placing a lead frame 33 in the structure of Fig. 3B 
explained in the second embodiment on the semicon- 
ductor chip 25 instead of the printed circuit board 23. a 
reduction of thickness becomes possible even in a lead- 
on-chip (LOC) structure known from Japanese .Unex- 
amined Patent Publication (Kokai) No. 4-44347. 

Fourth Embodiment 

[0057] An example of a preferred embodiment of ^ 
semiconductor device and its process of production ac- 
cording to seventh and eighth aspects of the present In- 
vention will be explained next with reference to Fig. 3D 
and Fig. 8. 

[0058] The semiconductor device 1 4 according to the 
seventh aspect of the invention shown in Fig. 3D is com- 
prised of a printed circuit board 23 provided with an in- 
terconnection pattern on its bottom surface 23B and a 
semiconductor chip 25 connected i:y flip chip bonding 
to its top surface 23A with its active surface 25A facing 
downward. Note that it is also possible to form ain inter- 
connection pattern including connection terminals etc. 
on the top surface of the printed circuit board 23. An 
underfill material 37 is used to fill the area around the 
semiconductor chip 25 and the clearance between the 
active surface 25A of the semiconductor chip 25 and the. 
top surface 23A of the printed circuit board 23. The up- 
ward facing back surface 25B of the semiconductor chip 
25 is finished to a flat surface by grinding and polishing. 
[0059] The semiconductor device 14 is produced by 
the steps shown in Fig. 8(1) to (3). 
[0060] First, as shown in Fig. 8(1), a printed circuit 
board 23 provided with an interconnection pattern 22 on 



its bottom surface 23B is prepared. The printed circuit 
board 23 may take various fonns. As one example, it is 
a glass epoxy substrate clad on its top surface with cop- 
per foil which is etched to form the interconnection pat- 
5 tern 22. The printed circuit board 23 used in this example 
is a matrix printed circuit board including a large number 
of areas for formmg semiconductor devices. 
[0061] The semiconductorchip 25 is connected by flip 
chip bonding with its active surface 25A facing down to 
^0 the top surface 23A of the printed circuit board 23. Due 
to this, the electrode terminals 25E of the active surface 
25A of the semiconductor chip 25 are bonded with the 
connection terminals (not shown) of the top surface 23A 
of the printed circuit board 23. The connection terminals 
'5 are electrically connected with the interconnection pat- 
tern 22 of the bottom surface 23B through the conduc- 
tors (not shown) in the printed circuit board 23. 
[0062] Next, as shown in Fig. 8(2), an epoxy resin or 
other underfill material 37 is used to fill the area around 
the semiconductor chip 25 and clearance between the 
active surface 25 A of the semiconductor chip 25 and the 
top surface 23A of the printed circuit board 23. 
[0063] Next, as shown in Fig. 8(3), the upward facing 
back surface 25B of the semiconductor chip 25 is 
ground and polished to make the chip 25 thin and finish 
the back surface 25B to a flat surface. Typically, the top 
surface of the underfill materia! 37 is finished to the 
same flat surface as the back surface 25B of the semi- 
conductorchip 25. If necessary, the finished surface ob- 
tained by the grinding and polishing can be covered by 
insulation by printing a resin material, spray coaling^ ad- 
hering a resin film, etc. Next, solder balls or other outer 
connection terminals (not shown) are formed on the in- 
terconnection pattern 22. The external connection ter- 
minals can also be formed before the grinding and pol- 
ishing. Finally, the printed circuit board is cut between 
the areas for forming the individual semiconductor de- 
vices to separate the individual semiconductor devices 
14. 

Fifth Embodiment 

[0064] An example of a preferred embodiment of a 
semiconductor device and its process of production ac- 
cording to the ninth to 11 th aspects of the present inven- 
tion will be explained next with reference to Fig. 4 and 
Fig. 9. 

[0065] The semiconductor device 20 according to the 
ninth to 11th aspects of the invention shown in Fig. 4 is 
a stacked chip type semiconductor device comprised of 
a semiconductor chip 25 finished by grinding and pol- 
ishing of the semiconductor device 1 4 of the fourth em- 
bodiment shown in Fig. 3D and another semiconductor 
chip 55 bonded on Its back surface to the fonmer's back 
surface. The semiconductor device 20 of Fig. 4, howev- 
er, isprovided with a via Iayer51 for electrically connect- 
ing the top layer semiconductor chip 55 and the printed 
circuit board 23 between the individual semiconductor 
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chips 25 shown in rig. 3D. The via layer 51 Is comprised 
of an insulating substrate 53 such as a resin similar to 
the printed circuit board 23 provided with vias 54 pass- 
ing through it. 

[0066] The electrode tenninals 55E formed on the up- 
ward facing active sunace 55 A of the top layer semicon- 
ductor chip 55 are connected with the top ends of the 
vias 54 by bonding wires 56. The bottom ends of the 
vias 54 are connected to connection terminals (not 
■shown) provided correspondingly on the top surface of 
the printed circuit board 23. Further, they are connected 
with the interconnection pattern 22 at the bottom surface 
of the printed circuit board 23 (or the semiconductor chip 
25 of the further lower layer) through the interconnection 
layer (not shown) inside the printed circuit board 23. The 
back stnaces of the bottom layer semiconductor chip 
25 and the top layer semiconductor chip 55 are bonded. 
£ explained with rescec: to the manufacturing process 
mentioned later, by coalirc a resin 52 in the semicured 
state rc the back surface of the bottom layer chip 25, 
placing ;he top layer chip 55 on the -esln layer 52, then 
curirg rh - resin layer 52. The d'earance between the 
bottom ayer chip 25 :=:nd the via iayer 51 and the clear- 
ancG bcrwccn it and the top surface 23A of the pnnred 
circuit board 23 a.- filled by an underfill material 37. The 
top layer cnip 55 may be made larger (Fig. 4 left) or 
smaller (Fig. 5 right) than the bottom layer chip 25. Fur* 
■her. ;t is possible to mount a plurality of chips 55 on one 
chip 25. A sealir.g resin layer 27 seals the bonding wires 
53 and the semiconductor chips 55 integrally. 
[0067] The semiconductor device 20 is produced by 
the steps shown in Fig. 9. 

[0063] Fifsl as shown in Fig. 9(1A), a printed circuit 
beard 23 provided with an interjonnection pattern 22 on 
its ccctom: surface 23B Is prepared as a matrrx pnnted 
circuit board in the sarr^e w ^.y as the fourth embodiment. 
However a via layer 51 is provided on the top surface 
23A of the printed circjit board 23. The via layer 51 is 
formed ^^ith vias 54 by a conductive material passing 
through it. The insulating substrate 53 is formed with a 
window 58 for housing a bottom iayer chip 25. The via 
layer 51 is provided over the er.nre surface of the printed 
circuit board 23. A large number of chips can be han- 
dled. As another form cf the via layer 51. as shown in 
Fig. 9(1 B), a resin or another insulating block 53 similar 
to the substrate of the printed circuit board 23 is formed 
with vias 54 of a conductive material passing through il. 
1 iie connection terminals 57 with the printed circuit 
board 23 may be made connection parts fonned by sol- 
der balls etc. These may be mounted on the printed cir- 
cuit board 23 at the time of flip chip bonding of the sem^ 
iconductor chip 25. Due to this, ir is possible to simplify 
the structure of the board over the case of making the 
printed circuit t?oard 23 and the via layer 51 integrally 
: his form also can handle a large number of chips. 
[0069] The semiconductor chip 25 is connected by flip 
chip bonding with its active surface 25A facing down to 
the top surface 23A of the printed circuit board 23 ex- 



posed through the window 58 of the via layer 51 . Due 
to this, the electrode terminals 25E of the active surface 
25A of the semiconductor chip 25 are bonded with the 
connection tenninals (not shown) of the top surface 23A 
^ of the printed circuit board 23. The connection terminals 
are electrically connecied with the interconnection pat- 
tern 22 of the bottom surface 238 through the conduc- 
tors (not shown) in the printed circuit board 23. 
[0070] Next, as shown in Fig. 9(2). an epoxy resin or 
10 other underfill material 37 is used to fill the area around 
the semiconductor chip 25 and the clearance between 
the active surface 25A of the semiconductor chip 25 and 
the top surface 23A of the printed circuit board 23. 
[0071] Next, as shown in Fig. 9(3), the upwand facing 
15 back surface 25B of the semiconductor chip 25, the top 
surface of the underfill material 37, and the top surface 
of the via iayer 51 are ground and pciished tc make the 
entire assembly inducing the chip 25 t.hin and to finish 
the back -surface 25B of the semiconductc.r chip 25. the 
20 top surface of the underfill material 37, and the top sur- 
face of the via Iayer51 to the same flat surlace overall. 
!f necessary, the r'inished surface obtained by the grind- 
ing and polishing can be covered by insulation by print- 
ing a resin material, spray coating, adhering a resin film. 
^5 etc. to the same plane. 

[0072] Next, as shown in Fig. 9(4), a resin in a semi- 
cured state is coarad on the back surface 26B of the 
semiconductor device 25 - or further on ihe top surface 
of the uncerf ill.material 37 surrounding ine semiconduc- 
30 tor chip 25). another semiconductor cnip 55 is placed 
. on the /esin coating layer 52 with its-back surface facing 
downward and the resin coating layer 52 is cured to 
. bond the top layer semiconcuctor chip 55 to the bottom 
layer semiconductor chip 25. Next, wire bonding is used 
25 to connect the electrode terminals 55E formed on the 
upward facing active surface 55A of rhe top layer chip 
55 and the tcp ends of the vias 54. 
[0073] Next, the top layer semiconcuctor chip 55 is 
sealed by transfer molding or any 5ther method. Haxi, 
-io solder balls or other outer connection terminals (not 
shown) are fonned on the interconnection pattern 22. 
[0074] Hnally, the printed circuit board is cut between 
the areas /or fonning the individual semiconductor de- 
vices to separate the individual semiconductor devices 

45 20. 

[0075] In this embodiment, the explanation was given 
of a stacked chip type semiconductor device using the 
semiconductor device of the fourth embodiment of the 
seventh aspect of the invention, but the invention is not 
50 limited to this. !t is also possible to produce a stacked 
chip type semiconductor device in the same way for 
semiconductor devices of the first to third embodiments 
of the first, third, and fifth aspects of the invention.. 
[0076] Summarizing the effects of the invention, ac- 
55 cording to the present invention^ the mounting height is 
reduced and simultaneously made even, there Is no 
need for the complicated process of mounting individual 
chips, the manufacturing yield is improved, the heights 
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of the semiconductor devices can be made uniform with- 
out being affected by variations in thickness of the chips, 
and electrical testing becomes possible in a block. In 
particular, employing the structure of the present Inven- 
tion is extremely advantageous in practice in the point 5 
of enabling inexpensive production of a thin-type semi- 
conductor device using existing semiconductor assem- 
bly facilities and processes. Further, using the thin-type 
semiconductor device of the present invention enables 
a reduction of size and thickness of the electrical equip- 
ment including the semiconductor device. 



Claims 

1 . A semiconductor device, wherein: 



15 



20 



25 



a senniconductor chip is housed with its active 
surface facing upward in a through hole of a 
printed circuit board provided with an intercon- 
nection pattern on its top surface, 
electrode tenninals of said active surface are 
connected with said interconnection pattern by 
bonding wires, 

a sealing resin layer seals the bonding wires 
and semconductor chip integrally and fixes the 
•semiconductor chip in said through hole, and 
a bottom surface of said printed circuit board, 
a downward facing back surface of said semi- 
conductor chip, and a bottom surface of said 20 
sealing resin layer are finished to the same flat 
surface by grinding. 

2. A process of production of a semiconductor device 
comprising: -5 

bonding a temporary support to a bottom sur- 
face of a printed circuit board provided with a 
through hole and an interconnection pattern on 
its top surface to define a bottom of said -^o 
through hole, 

bonding a sein [conductor chip with its back sur- 
face facing downward to said bottom, 
connecting electrode terminals of the upward 
facing active surface of the semiconductor chip -^^ 
and said Interconnection panern by bonding 
wires, 

using a sealing resin layer to integrally seal the 
bonding wires and the semrconductor chip and 
fix the semiconductor chip in said through hole, so 
removing the temporary support, and 
finishing a bottom surface of said printed circuit 
board, a downward facing back surface of said 
semiconductor chip, and a bottom surface of 
said sealing resin layer to the same flat surface 55 
by grinding. 

3. A semiconductor device, wherein: 



a semiconductor chip is housed with its active 
surtace facing upward in a through hole of a 
lead frame having leads, 
electrode tenninals of said active surface are 
connected with the top surtace of said leads by 
bonding wires, 

a sealing resin layer seals the bonding wires 
and semiconductor chip integrally and fixes the 
semiconductor chip in said through hole, and 
a bottom surface of said lead frame, a down- 
ward facing back surface of said semiconductor 
chip, and a bottom surtace of said sealing resin 
layer are finished to the same flat surface by 
grinding. 

4. A process of production of a semiconductor devk:e 
comprising: 

forming a lead frame having a planar part hav- 
ing leads and a vessel for housing a semicon- 
ductor chip, the bottom of the vessel projecting 
downward from a bottom surface of said planar 
part, and a top end of said vessel being open 
and connecting with said planar part; 
bonding a semiconductor chip on the bottom 
surface in said vessel so that its active surface 
faces upward and becomes higher than the bot- 
tom surface of said planar part; 
connecting electrode terminals of the active 
surface and the upper surfaces of the leads of 
said lead frame by bonding wires, 
using a sealing resin layer to integrally seal the 
bonding wires and the semiconductor chip and 
fix the semiconductor chip in said vessel, and 
grinding the vessel of the lead frame, the sem- 
iconductor chip, and the sealing resin layer 
from the bottom to substantially remove the 
vessel of the lead frame and finish a bottom sur- 
face of the planar part of said lead frame, a 
downward facing back surface of said semicon- 
ductor chip, and a bottom surface of said seal- 
ing resin layer to the same flat surface. 

5. A semiconductor device, wherein: 

an Active surface of a semiconductor chip is 
bonded to a printed circuit board provided with 
a through hole and an interconnection pattern 
on its top surface, the active surface defining a 
bottom of said through hole; 
electrode tenninals of said active su rf ace defin- 
ing said bottom are connected with said inter- 
connection pattern by bonding wires passing 
through said through hole; 
a sealing resin layer fills the through hole and 
seals the bonding wires; and 
a downward facing back surface of said semi- 
conductor chip is finished by grinding. 
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6. A process of production of a semiconductor device 

comprising: 

forming a printed circuit board provided with a 
through hole and an interconnection pattern on 5 
its top surface, 

bonding an active surface of a semiconductor 
chip to a bottom surface of said printed circuit 
board to define a bonom of said through hole, 
connecting electrode tenninals of the active to 
surface defining the bottom and said iniercon- 
nection pattern by bonding wires passing 
through the through hole, 
using a sealing resin layer to fill the through 
hole and seal the bonding wires, and ?5 
finishing a downward facing back sunace of 
said semiconductor chip to a flat surface- by 
grinding. 

7. A semiconductor device wherein: 20 

a semiconductor chip with its active surface fac- 
ing downward Is connected by flip chip bending 
to a top surface of a printed circuit board pro- 
vided with a top surface having pads connected 2S 
to an interconnection pattern of its bouom sur- 
face, 

an L'nderf ill. materia! covers the side faces of 
said semiconductor chip and fills a cfearance 
between the active surface of said semiconcuc- 3o 
lor chip and the top surface or said printed cir- 
cuit board, and 

an upward facing back surface of saic semicon- 
ductor chip is finished to a flat surface by grind- 
ing. 35 

8. A process of production of ;?, serriiconductor device 
comprising: 

fonming a printed circuit board provided with a 
top surface having pads connected to an Inter- 
connection pattern of its bottom surface, 
connecting to the top surface of said printed cir- 
cuit board a semiconductor chip with its active 
surface facing downward by flip chip bonding, 
using an underfill m.aierial to cover the side fac- 
es of said semiconductor chip and fill a clear- 
ance between the active surface of said semi- 
conductor chip and the top surface of said print- 
ed circuit board, and so 
finishing an upward facing back surface of said 
semiconductor chip to a flat surace by grinding. 

3. A stacked chip type semiconductor device com- 
prised of a semiconductor chip finished by grinding 55 
or the semiconductor device as set forth in any one 
of claims 1 , 3, 5 and 7 and another semiconductor 
chip bonded at its back surface to the former's back 



surface. 

1 0. A process of production of a stacked chip type sem- 
iconductor device comprising periorming all of the 
steps set forth in any one of claims 2, A, 6 and 8, 
then bonding a back surface of the semiconductor 
chip finished by grinding. 

11 . A process of production of a semiconductor device 
as set forth in any one of claims 2, 4, 6, 8 and 10, 
wherein said printed circuit board cr lead frame has 
a large number of areas for forming semiconductor 
devices, all of the steps set forth in claims 2, 4, 6, 8 
and 10 respectively are perfomned for each of the 
areas so as to fcnr; a large number of semiconduc- 
tor devices on said printed circuit board or lead 
frame in a' block, then said printed circuit board or 
lead frame Is cut between the individual areas lc 
separate the individual semiconductor devices. 
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(54) Semiconductor device and production process 



(57) A semiconductor device (11) includes a semi- 
conductor chip (25) housed, with its active surface fac- 
ing upward, in a through hole (24) of a printed circuit 
board (23) provided with an interconnection pattern (22) 
on its top surface. Electrode ternninais (25E) of the active 
surface are connected to the interconnection pattern 
(22) by bonding wires (26). A sealing resin layer (27) 
seats the, bonding wires (26) and semiconductor chip 
(25) together and fixes the semiconductor chip (25) in 
the through hole (24). The bottom surface of the printed 



circuit board (23), the downward facing back surface of 
the semiconductor chip (25), and the bottom surface of 
the sealing resin layer (27) are finished to the same flat 
surface by grinding and polishing. This reduces and si- 
multaneously achieves a unifomn mounting height, does 
not require complicated steps for mounting individual 
chips (25), improves the manufacturing yield, achieves 
a uniform height of the semiconductor device (11) with- 
out being affected by the variation in thickness of the 
chips (25), and enables execution of electrical tests all 
together. 
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